Field Experiment

Robotic Mine Mapping
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Purpose:

Robotically obtain data to generate map of abandoned underground coal mine in proximity to breach.

Secondary purposes:

Evaluate suitability of robot for obtaining mine map data

Generate, implement and evaluate procedures for robot operation in abandoned mine

Generate a map sector from obtained data and correlate this with existing maps, if any

Evaluate results in context of utility of robotic mine mapping

Identify lessons learned and agenda for future technical initiative

Description of experiment:

Three breaches access old workings through a highwall adjacent to a currently active surface mine.  Facing the highwall, label the breaches and their corridors A, B and C, ordered left to right.  Spacing AB is about 138 feet; spacing BC is about 35 feet.  Orientations of corridors AB and C are not readily observable.  Corridors B and C appear to be parallel; corridor A lies at an angle pointing toward B that would intersect corridor B.  

(1) Confirm function of robot, datalogging and command

(a) Drive robot outside abandoned mine, in proximity to highwall, past entries if possible, at different standoff distances from highwall if possible.  Log data that would be useful for later survey tie with corridor log.  Preset reflective cones or landmarks, if appropriate, for later survey tie.

(b) Where possible,  on run closest to highwall, divert robot path toward, then out of breach openings.  This is forward driving, not forward, then reverse.  (do not enter breaches and back out.

(c) Monitor battery level, cumulative operating time, estimate of distance driven, view and review data for suitability, discuss and improve operations, driving, and team action.

(d) Decide or not to enter the breaches

Note:  Consider operating wireless for the first ten meters to preclude tether risk.  Once optical tether is utilized, handle optical tether with ultimate care.

(2) Confirm ability of robot mobility to access and egress from breach(es).  

(a) With recovery cable attached, and with tether reel motion disabled, and robot  aligned with corridor, drive to breach, then reverse.  Evaluate sinkage, clearance, driver viewing and tether handling.

(b) Drive into the breach(es) a few meters, then reverse.  Evaluate sinkage, clearance, driver viewing, cable and tether handling.  Repeat sorties into breaches, advancing a few meters beyond prior progress on each successive pass, or by cycling forward and back; into and from new territory. 

Note:  Consider operating wireless for the first ten meters to preclude tether risk. Once optical tether is utilized, handle optical tether with ultimate care. 

(e) Stop. Monitor battery level, cumulative operating time, estimate of distance driven, view and review data for suitability, discuss and improve operations, driving, recording and team action.

(3)  Explore to confirm connectivity and terrainability of corridors A, B and C.  

(a) Advance into corridor B far enough to view possible intersection of corridor A from the right.  View should be observed by laser scanner data and cameras aboard robot.  Carry beacon light that might be observable by human observer looking through corridor A to confirm robot crossing intersection of AB, by viewing light if possible.  

(b) Advance further into corridor B far enough to view possible right turn through rib to reach corridor C or to limit of recovery cable.  Carry beacon light that might illuminate corridor C from corridor B, and be observable by human observer looking through corridor C, confirming a rib-crossing from B to C.  Reverse egress from breach B.

(c)  Enter and drive corridor C to view possible left turn through rib to reach corridor B or to limit of recovery cable.  Carry beacon light that might illuminate corridor B from corridor C, and be observable by human observer looking through corridor B, confirming a rib-crossing from C to B. Reverse egress from breach C.

(d) Enter and drive corridor A to view posssible intersection with corridor B.  Carry beacon light that might illuminate corridor B.  The robot might nose into corridor B sufficiently to be observed or photographed (with spotlight illumination) from breach B.  Reverse-egress from breach A. 

(e) Stop. Monitor battery level, cumulative operating time, estimate of distance driven, view and review data for suitability, discuss and improve operations, driving, recording and team action.

(f) Make determination of whether a turn is possible at intersection AB and whether a rib-crossing is possible from corridor B to C, if a crossing has been determined to exist.

(3) Confirm ability of robot to complete loops that enter one breach and exit another. Depending on perceived difficulty, and pursuing the easier first: 

(a) Enter breach A, turn right at AB, and exit breach B, or…

(b) Enter breach B, turn left at intersection AB, and exit breach A, or…

(c) Enter breach B, turn right through rib to corridor C, and exit breach C, or..

(d) Enter breach C, turn left through rib to corridor B, and exit breach B.

(e) Stop. Monitor battery level, cumulative operating time, estimate of distance driven, view and review data for suitability, discuss and improve operations, driving, recording and team action.

(6)  Determine coordinates of external reference marks or landmarks, if any.

Safety considerations beyond those for active surface mining…

Personnel  will not enter the underground mine under any circumstance.

Personnel will wear hardhats within 50 foot proximity to highwall.

Gas levels of methane, hydrogen sulfide and oxygen will be monitored at all times.  Operations will not proceed if exposive gas levels are detected nearing 2%

Robot operating procedures.

Record key camera images and log non-image data like gas detection levels, commands and compass readings at all times.

Robot driving vigilance for overhead, floor obstacles and pinch-points

Minimize cycling of optical tether handling for trivial line-of-sight ops

Utilize recovery cable for sorties where the pull-back assurance provided by the recovery cable outweighs the constraint to locomotion from dragging the safety cable.

Communication between field observer and robot pilot at all times.

Equipment:

Robot, laptop computers, optical tether, Cat5 tether, wireless nodes, 2-way radios, hardhats, generator, battery charger, tools, spare batteries, fuel, data storage media, cones or landmarks for external reference, tire patch kit, gloves, steel cable, 

